Introduction
============

Allergic rhinitis is an inflammatory disease of the nasal membrane which is characterised by symptoms such as sneezing, rhinorrhoea, nasal congestion, and nasal itching. It is often associated with eye symptoms such as tearing, redness, and itching. Allergic rhinitis is caused by sensitisation to one or more aeroallergens. It is a common chronic disorder among children,^[@bib1],[@bib2]^ and can significantly impair quality of life. It is associated with a number of common comorbidities including asthma, sinusitis, and otitis media.^[@bib1],[@bib2]^ Early intervention might minimise the likelihood of progression to more severe allergic diseases in children, including asthma.^[@bib3]^

Polysensitisation might be a phenomenon that is clinically relevant. Several studies have pointed out that up to 90% of patients are polysensitised.^[@bib4],[@bib5]^ Only a few studies have addressed and discussed polysensitisation in children and have been performed in referral centres. Kim et al. concluded that the symptom scores and levels of total IgE were higher in polysensitised children than in monosensitised children.^[@bib6]^

A study of both adults and children indicated that polysensitised individuals have atopic disease with a more severe course.^[@bib5]^ Another study showed that polysensitisation was associated with a significantly poorer quality of life.^[@bib7]^ More recently, Baatenburg de Jong and colleagues concluded that polysensitisation is common in children of school age, particularly boys.^[@bib8]^

Persisting or recurrent symptoms of rhinitis can occur in both allergic and non-allergic disorders, and this overlap can confound the diagnosis and therapy.^[@bib9; @bib10; @bib11]^ Assessment of allergic sensitisation is important in the diagnosis and management of allergic disease throughout childhood because it enables tailored allergen-specific avoidance measures, allergen-specific treatment, relevant pharmacotherapy and can identify infants at increased risk of developing allergic diseases later in life.^[@bib10],[@bib11]^ In many European countries such as the UK and the Netherlands, the majority of patients with allergic rhinitis and asthma are diagnosed and treated by primary care physicians.^[@bib12],[@bib13]^

The aim of the current study is to describe the patterns of sensitisation to common allergens and the association with age, gender, and clinical symptoms in children with allergic rhinitis in primary care who were eligible for a study investigating the efficacy of sublingual immunotherapy with either grass pollen allergen or house dust mite (HDM) allergen.

Methods
=======

Study design
------------

Cross-sectional data from two randomised double-blind placebo-controlled studies investigating the efficacy of sublingual immunotherapy with either grass pollen allergen or HDM allergen in 6--18-year-old children with allergic rhinitis and a proven grass pollen or HDM allergy in primary care were used. The present study used data from the recruitment phase. Written informed consent was obtained from parents of all children and from children aged 12--18 years. The study was approved by the Ethical Review Board of Erasmus MC University Medical Center, Rotterdam. Detailed descriptions of the design and results of both studies have been published elsewhere and are summarised below.^[@bib14; @bib15; @bib16]^

Recruitment
-----------

General practitioners in the south-western part of the Netherlands selected children aged 6--18 years from their computerised patient records with either a clinical diagnosis of hay fever/allergic rhinitis (ICPC code R97) or with relevant medication use (i.e. antihistamines for systemic use, nasal corticosteroids, topical decongestants, topical antihistamines). After telephone screening, a house visit took place for those who agreed (children/parents) to further participation. During the telephone screening, children who had no (or only a short) history of allergy or who had a low symptom score were excluded.^[@bib14],[@bib15]^

During the house visit, which in both studies took place in September-October, symptom scores were recorded and a blood sample was collected by a research assistant.

Symptom scores
--------------

Rhinitis symptom scores: the intensity of the symptoms 'rhinorrhoea', 'blocked nose', 'sneezing', 'itching' was subjectively assessed according to a grading scale from 0 to 3 (0 = no complaints, 1 = minor complaints, 2 = moderate complaints and 3 = serious complaints). The maximum score was 12.

Conjunctivitis symptom score: the intensity of the symptom 'itching eyes' was subjectively assessed according to a grading scale from 0 to 3 as described above, with a maximum score of 3.

In the grass pollen study, the participants rated their nose and eye symptoms during the previous grass pollen season (i.e. retrospectively in the period May-August) and during the past week. In the HDM study the children rated their symptoms of the last three months (i.e. retrospectively in the period July-September or August-October) and during the past week.

Allergen-specific IgE
---------------------

A blood sample was collected for the assessment of allergen-specific IgE to grass pollen, birch pollen, HDM, cat dander, and pets if present at home (RAST CAP-Phadiatop^®^, Pharmacia Diagnostics AB, Uppsala, Sweden). Sensitisation to an allergen was defined as positive when allergen-specific IgE levels were 0.35kU/L or higher (≥ class 1).^[@bib1],[@bib2]^

Monosensitisation and polysensitisation
---------------------------------------

Subjects sensitised to only one tested allergen were defined as monosensitised and those sensitised to two or more tested allergens were defined as polysensitised. For polysensitised children, we distinguished sensitisation patterns of two, three, and four or more (maximum seven) sensitisations.

We analysed the different perceptions of nasal and eyes symptoms in: (1) non-sensitised children; (2) children with a grass pollen sensitisation but not a HDM sensitisation; (3) children with a HDM sensitisation but not a grass pollen sensitisation; and (4) children with both a grass pollen and HDM sensitisation.

In the grass pollen study, 307 children were visited and in the HDM study 500 children (total of 807 children). For the present analysis we only included children who fulfilled the criteria of completely recorded symptom scores (nasal and eye) and an analysed blood sample for allergen-specific IgE test (irrespective of the result).

Statistical analyses
--------------------

Statistical analysis was performed with SPSS 18 for Windows (SPSS Inc, Chicago, IL, USA). The differences between means were analysed by the independent- samples t test and differences between proportions were analysed by the χ^2^ test.

Results
=======

Demographic and clinical characteristics
----------------------------------------

The study population consisted of 784 children with a doctor\'s diagnosis of allergic rhinitis or prescription of relevant allergy medication. The demographic and clinical characteristics of the groups are presented in [Table 1](#tbl1){ref-type="table"}. The mean age of the patients was 12.2 years; 57% were boys. The mean nasal symptom score was 6 and the mean eye symptom score over the last three months was 1.4.

Sensitisation patterns, age groups and gender
---------------------------------------------

Sensitisation to an allergen was found in 89% of the patients (n=699). [Table 1](#tbl1){ref-type="table"} shows that polysensitisation was found in 69% of all children (538/784). The mean number of positive tested sensitisation was 2. Sensitisation to two tested allergens was found in 298 of the 784 children (38%), three positive IgE tests for specific allergens were found in 166 children (21%), and sensitisation to four or more allergens in 174 children (22%). The mean levels of specific grass pollen IgE and HDM IgE in children who were sensitised were 41.8kU/L and 26.9kU/L, respectively ([Table 1](#tbl1){ref-type="table"}).

The co-sensitisation patterns to grass pollen, HDM, birch pollen, and cat dander are presented in [Table 2](#tbl2){ref-type="table"}. In children sensitised to HDM, 79% also had co-sensitisation to grass pollen. In children sensitised to birch pollen, 97% had co-sensitisation to grass pollen. In children sensitised to cat dander, 88% had co-sensitisation to HDM and 93% had co-sensitisation to grass pollen.

The percentage of children in each sensitisation group for the different age groups is presented in [Figure 1A](#fig1){ref-type="fig"}. Sensitisation was more common in children aged 9--13 years than in younger children aged 5--8 years (p=0.03). The difference between the oldest age group (14--17 years) and the youngest age group did not reach statistical significance (p=0.08). This was also seen between children aged 9--13 years and children aged 14--17 years (p=0.88).

The gender distribution in the sensitisation groups is shown in [Figure 1B](#fig1){ref-type="fig"}. The sensitisation pattern was not significantly different between girls and boys (p=0.11).

Self-reported nasal and eye symptom scores
------------------------------------------

The mean nasal symptoms during the last three months was significantly lower in non-sensitised children than in monosensitised and polysensitised children ([Figure 2A](#fig2){ref-type="fig"}; p=0.001). This was also seen for the mean eye symptom score during the last three months in non-sensitised children compared with monosensitised and polysensitised children ([Figure 2B](#fig2){ref-type="fig"}; p\<0.0001). There was no significant difference between monosensitised and polysensitised children in nasal and eye symptoms.

As shown in [Figure 2C](#fig2){ref-type="fig"}, the perceived severity of nasal symptoms during the last three months was significantly higher in children with HDM or grass pollen sensitisation or a combination of both allergens than in children without a sensitisation (p\<0.001 and p=0.001). There was no significant difference between children sensitised to HDM or grass pollen only and children with a sensitisation to both allergens.

The perceived severity of itching eye symptoms during the last three months was significantly higher in children with grass pollen sensitisation (without HDM sensitisation) than in children with only HDM sensitisation (without grass pollen sensitisation) or children with sensitisation to both grass pollen and HDM (p\<0.001 and p=0.008). Children with sensitisation to both grass pollen and HDM reported higher eye symptoms than those with HDM sensitisation only (p=0.009; [Figure 2D](#fig2){ref-type="fig"}). Compared with non-sensitised children, the perceived severity of itching eye symptoms during the last three months in children with HDM sensitisation (without grass pollen sensitisation) or grass pollen sensitisation (without HDM sensitisation) or both was significantly higher (p=0.02 and p\<0.0001).

Discussion
==========

Main findings
-------------

This study shows that polysensitisation is frequent in children with allergic rhinitis in primary care. Clinical symptoms are equally severe in polysensitised children and in monosensitised children and are less severe in non-sensitised children. Children with grass pollen sensitisation (without HDM sensitisation) experienced significantly greater eye symptoms during the last three months than children with HDM sensitisation (without grass pollen sensitisation), or both.

Strengths and limitations of this study
---------------------------------------

This study, conducted in a large group of children with allergic rhinitis in primary care, gives an insight into the different patterns of sensitisation and confirms that polysensitisation is common in primary care. In the Netherlands the majority of patients with allergic rhinitis are treated by primary care physicians. Recent articles address the importance of primary care in the treatment and management of allergic rhinitis.^[@bib9],[@bib17]^ For these reasons, we considered it important to perform this analysis in a population that was seen in primary care. Future studies designed exclusively to explore the clinical relevance of different (co)sensitisation patterns in children should be encouraged.

Both selection bias and reporting bias may have affected our results. The studied population was screened for two randomised double-blind placebo-controlled studies, comparing the efficacy of sublingual immunotherapy with either grass pollen allergen or HDM allergen with placebo. This could potentially introduce a bias with regard to the differences between clinical trial participants (i.e. willing to participate in a trial, more severe complaints) and the general population. Also, before inclusion a selection bias could have been introduced. Patients with symptoms due to allergens other than HDM or grass pollen probably did not apply for both studies. These patients could have a monosensitisation. However, it is also possible that these patients are sensitised to multiple allergens but are mainly affected by an allergen that was not relevant for both studies.

We recognise that selection bias could have affected the results regarding the standard set of allergens that were tested (i.e. grass pollen, HDM, birch pollen, and cat dander). Allergen-specific IgE to other pet(s) were only determined if the pet was present at home. Children could thus be sensitised to, for example, dog dander but not tested if no dog was present at home. These patients are then incorrectly labelled as monosensitised, indicating that the true number of monosensitised children is even lower than was found.

Because the nasal and eye symptoms were assessed through interviews, misclassification bias is a concern. Both nasal and eye self-reported symptoms could be underestimated because of the different seasons when asking the symptoms.

Interpretation of findings in relation to previously published work
-------------------------------------------------------------------

Polysensitisation is a frequent phenomenon in subjects with allergic rhinitis. This finding is not new, as it has been reported in previous studies.^[@bib5],[@bib8],[@bib18]^ However, these studies were performed in patients in a secondary care setting. In the present primary care study, we found similar results in children diagnosed with allergic rhinitis. About 75% of patients were sensitised to two or more allergens. Hence, primary care physicians should also be aware of the fact that patients can have multiple allergies.

The basis of diagnosing allergy consists of a good history and physical examination. However, the diagnosis cannot be confirmed on the basis of symptoms alone because both allergic and non-allergic conditions can present with similar symptoms.^[@bib11]^ Knowledge of the type of sensitisation may affect general practitioners or other physicians in the way they advise children with allergic rhinitis or in the selection of aeroallergens for allergen immunotherapy.^[@bib11],[@bib19]^ Also, confirmation that an allergen trigger is not the cause may prevent unnecessary lifestyle changes and discourage further allergy investigations.^[@bib10],[@bib11],[@bib19]^

In our study, 11% of the children were not sensitised. These children visited their general practitioner for complaints of allergic rhinitis or they received relevant medication for allergic rhinitis. An explanation for the fact that these patients had a negative blood test could be that rhinitis symptoms might have been caused by non-immunological aspecific triggers (hyperreactivity) or by an allergen not tested. We tested the most common allergens in the Netherlands, but other allergens such as plants (mugwort) or moulds (*Alternaria*) could be responsible for these complaints.

A study in a paediatric population showed that children with polysensitisation had higher symptom scores and a poorer response to immunotherapy than monosensitised children. Polysensitisation seems to be characterised by more severe clinical outcomes compared with monosensitisation.^[@bib6],[@bib18]^ However, in our study we found no difference in mean nasal and eye symptom scores in children with different sensitisation patterns. Similar results in adults were observed in a study by Malling and colleagues^[@bib20]^ although, if we compared HDM monosensitisation and grass pollen monosensitisation, significant differences in eye symptoms were found. A grass pollen-induced allergic rhinitis is characterised by more eye symptoms than HDM-induced allergic rhinitis.^[@bib1],[@bib2]^

In previous studies the risk of polysensitisation was shown to increase with age.^[@bib8],[@bib21],[@bib22]^ For example, Fasce *et al*. concluded that the number of sensitisations increased with age and monosensitised children are likely to become polysensitised.^[@bib21]^ In our study we found that increasing age was responsible for an increased expression of polysensitisation only in early adolescence. The causes of these age differences may be related to changes in the hormonal environment, environmental factors, and behavioural factors (e.g. less frequent outdoor exposure during childhood).^[@bib23],[@bib24]^ We can assume there is a link between these factors, but the underlying pathophysiology is unclear.

It is known that, in childhood, allergic rhinitis is more common in boys than in girls.^[@bib25],[@bib26]^ In our study we saw no difference in monosensitisation and polysensitisation between boys and girls. This is in contradiction to other studies where boys were more likely to be polysensitised than girls.^[@bib6],[@bib8]^

Conclusion and implications for clinical practice
-------------------------------------------------

Sensitisation to multiple allergens occurs frequently in children with allergic rhinitis in general practice. Overall, clinical symptoms are equally severe in polysensitised and monosensitised children. Treatment decisions including allergen avoidance measures for allergic rhinitis and prescription of immunotherapy should be made on the basis of a clinical history and allergy testing.
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###### General characteristics of the population
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###### Co-sensitisation patterns in children to one or more allergens
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